Abstract: An investigation of the morphology, structure, composition and optical properties of ZnS:Mn 2+ microbelts grown by the thermal evaporation method using ZnS powder and MnCl 2 .4H 2 O powder as precursor materials is presented. The SEM images of the products show that ZnS:Mn 2+ microbelts are bigger and shorter than ZnS microbelts. EDS reveals that the composition of the microbelts include Zn, S, O, Mn and Cl elements. The atom rate of oxygen composition of the doped microbelts seems to be slightly lower than undoped ones. XRD pattern of the prepared microbelts shows that ZnO coexists with ZnS on the undoped microbelts. However, at the Mn-doped microbelts, the component phase of ZnO is disappeared. Photoluminescence spectra of undoped ZnS microbelts reveal a strong broad emission band at visible wavelength region and a weak ultraviolet band. Interestingly, when Mn 2+ is doped into the microbelts, the visible emission band is separated into blue, green, and yellow bands peaking at around 442, 520 nm, and 572 nm, respectively. The effects of Mn 2+ ions on the emission bands are discussed in detail.
Introduction
 ZnS, an II-VI semiconductor, has been extensively investigated due to its potential applications in optics, photoelectronics, sensors, catalysts and so on [1] [2] [3] . Recently, numerous efforts have been employed to control the fabrication of micro and nanomaterials with various morphologies, since the novel properties and potential applications of nanomaterials depend sensitively on their shapes and sizes [4] . Because of doping ZnS with different metal ions, novel characteristics, such as stable and _______  Corresponding author. Tel.: 84-984915472.
Email: nghiaaist@gmail.com https//doi.org/ 10.25073/2588-1124/vnumap.4212 tunable optical properties, could be obtained [5] [6] [7] . Among them, Mn-doped ZnS nanocrystals have been receiving much attention due to their promising application in optoelectronic devices [8] . A large number of Mn-doped ZnS nanocrystals with simple morphologies, such as thin film, nanowires, and nanorods have been prepared by various techniques [9] [10] [11] . The most reports of Mn-doped ZnS focused on the emission due to 4 T 1 → 6 A 1 transition within the 3d shell of Mn 2+ . Usually, Mn-doped ZnS structures have two emission bands, one yellow-orange band of Mn 2+ and the other of ZnS host material. In our work, we synthesize Mn-doped ZnS microbelts by thermal evaporation and report on their photoluminescence properties with three different peaks in visible region to demonstrate that the Mn concentration plays an important role in tuning the emission of radiative centers in ZnS microbelts.
Experiment
The undoped and Mn-doped ZnS microbelts were synthesized on silica substrates by thermal vapor deposition in a conventional horizontal quartz tube furnace. ZnS powder and a mixing of highpurity ZnS and MnCl 2 .4H 2 O powders as the precursor materials were placed into an alumina boat and positioned at the center zone of the horizontal tube furnace. Silica substrates with size of 0.5 x 0.5 cm were placed in the low temperature zone at about 20 cm downstream from the aluminum boat. A haft of the quartz tube containing the aluminum boat and silica substrates was setup outside the tube furnace until the furnace was heated to deposition temperature. The quartz tube was pumped down to pressure of 1×10 −3 Torr and heated to 300 o C, then the high-purity argon was introduced into the tube and the mechanical rotary pump was turn off. The flow rates of Ar were controlled by a mass flow meter at 160 sccm. The temperature of the furnace was raised continually to growth temperature at a ramping rate of 10 o C/min. The deposition temperature was set up at 1100 o C. When temperature of the furnace increased to 900 o C, the part of quartz tube containing the aluminum boat and silica substrates was pushed into the furnace to grow microbelts. During synthesis the furnace temperature was maintained at growth temperature for 30 min, after that the furnace was allowed to cool naturally to room temperature.
Results and discussion
In order to study the morphology of the structures, FESEM were employed. Fig. 1 shows a series of FESEM images of the microstructures grown on silica substrates. A typical FESEM image shows that undoped ZnS microbelts are high density with several hundred nanometers to about one micron in widths and tens of microns in lengths (Fig. 1a) . These microbelts are quite smooth and randomly oriented. For Mn-doped ZnS, the microstructures turned into bigger and shorter microbelts. Furthermore, the density of the microbelts seems to be reduced and the surface of them is rough with some black dots in it. The corresponding EDS spectra reveal that the undoped microbelts mainly contain Zn, S and O elements and the atom ratio of undoped ZnS is 47.5, 36.5 and 16.0 at%. The origin of O atom may come from reaction between ZnS and O 2 which exist in the furnace tube and are not pumped to low enough pressure. For Mn 2+ doped microbelts, the atom ratio of oxygen reduces a little to around 15.4 %. Also, the Cl and Mn components appear with atom ratios of about 10.6 % and 1.6 % respectively for the doped products. The Cl composition can exist on the microbelts due to reaction between Zn and Cl to form ZnCl 2 . Furthermore, XRD measurement was performed in order to determine the crystalline phase of the microstructures. It is clear from Figure 2 that all of microbelts doped or undoped Mn are matched to the structure of wurtzite (JCPDS 05-0492). In detail, the XRD pattern of the undoped microbelts shows the ZnO peaks beside the main phase of ZnS. The phase of ZnO is matched to the structure of wurtzite (JCPDS no.36-1451). The XRD pattern of undoped sample matched well with EDS analysis above, in which, there are Zn, S, and O elements at the same time. However, at Mn-doped ZnS microbelts, only ZnS phase is detected and no phase related to Mn or Cl being observed in XRD patterns. The reason of that may be due to the concentration of Mn or Cl in the microbelts is too small and XRD measurements cannot recognize the presence of them in the microbelts. The phase of ZnO disappeared in XRD pattern of these microbelts may be due to Mn prevented O from combining with Zn and S elements.
To investigate the optical propertie of the structures, the PL spectra of undoped and Mn-doped ZnS microbelts were measured at room temperature using a 275-nm excitation wavelength as shown in Fig. 3 . From this figure, for the undoped sample, PL spectrum shows two emission bands at ultraviolet and visible regions. The ultraviolet band is due to band to band transition of ZnS, ZnO or ZnOS [12, 13] . The blue band peaking at 493 nm may be associated with point defects such as the isolated Zn vacancies in the single negative charge states or other oxygen-related centers of selfactivated or interstitial sulphur impurities [1, 14, 15] . However, in the visible emission band, the doped Mn microbelts show three peaks, at 442 nm (blue), 520 nm (green), and 572 nm (yellow). Morever, the UV emission band has a trend to be quenched. The blue emission band at around 442 nm is attributed to the surface defects such as sulfur vacancy or sulfur interstitial lattice defects [2, 3, 5] . Meanwhile, the green emission at around 520 nm may be assigned to the surface defects such as oxygen vacancies [16] . The yellow emission at around 572 nm is associated with the 4 T 1 -6 A 1 transition within the 3d shell layer of Mn 2+ [18, 19, 20] . Furthermore, the effect of Mn on the radiative centers of ZnS microbelts are investigated by analysing the PLE spectra shown in Figure 4 . In fact, excitation pathway for the emission of Mn 2+ in the microbelts has two ways, namely the energy transfers directly from the ZnS host and another from the radiative defects to the 3d states of Mn 2+ [7] . The PLE measurements monitored at the emission wavelength of 570 nm. At undoped sample, the spectra show that the microbelts are absorbed strongly at about 345 nm to 376 nm which are corresponded with the bandgap of ZnS, ZnO or ZnOS [12] , [21] . However, at the Mn-doped ZnS microbelts, there is a PLE peak at around 337 nm corresponding to band gap of ZnS (3.686 eV). The absorption edge was shifted to short wavelength, it means that the absorption related to the band to band transition of ZnO or ZnOS reduces when Mn is doped in ZnS host. These results show that Mn 2+ modified the emission of the radiative centers of ZnS microbelts. 
Conclusion
The undoped and Mn doped ZnS microbelts on silica substrates have been successfully prepared by a thermal evaporation method. The undoped ZnS microbelts show a broad band emission at visible region around 493nm which related to radiative centers of ZnS and ZnO. By doping Mn, the emission band of radiative centers related to S and O in the ZnS microbelts separated into blue, green, and yellow emissions. The UV emission band has a trend to be quenched at the Mn-doped sample. Therefore, the emission of radiative centers of ZnS can be controlled by Mn doped into ZnS microbelts.
